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For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in parentheses.
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The development of the periodic table brought a
system of order to what was otherwise an
collection of thousands of pieces of
information.

The periodic table is a milestone in the
development of modern chemistry. It not only
brought order to the elements but it also
enabled scientists to predict the existence of
elements that had not yet been discovered .




Early Attempts to Classify
Elements

Dobreiner’s Triads (1827)
Classified elements in sets of three having similar
properties.

Found that the properties of the middle element
were approximately an average of the other two
elements in the triad.

Dobereiner's Law of Triads

7
23 35
39|40 30
38 127
137




Newland’s Octaves -1863

» John Newland attempt to
classify 62 known elements

| » He observed that when ordered
A bz Atomic Mass, there was a an

. observable repetition every
eighth element

i A% ) Tried to correlate the trends
i . f with musical scales, was

¢ 1 ridiculed, and eventually
e / awarded for his findings.




Dmitri Mendeleev

Dmitri Mendeleev is
credited with creating
the modern periodic
table of the elements.

He gets the credit
because he not only
arranged the atoms,
out he also rglade “ )
oredictions based on g
nis arrangements His —
oredictions were later
shown to be quite
_accurate,




Mendeleev’s Periodic Table

Mendeleev organized all of the elements
into one comprehensive table.

Elements were arranged in order of
increasing mass.

Elements with similar properties were
placed in the same row.




Mendeleev’s Periodic Table
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Mendeleev left some blank spaces in his periodic table.
t.the time the elements gaIIium and germanium were
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PERIODS -

SIMILARITIES: THE NUMBER OF
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GROUPS —

SIMILARITIES: THE NUMBER OF

ELECTRONS IN THE OUTER SHELL.
COMMON REACTIVITY, BONDING,
CHEMICAL AND PHYSICAL
PROPERTIES.




METALIC
PROPERTIES

SIMILARITIES: AN ELEMENTS
RELATIVE ABILITY TO CONDUCT
ENERGY IN THE FORM OF HEAT

OR ELECTRICITY.

THE “STAIR”

NON METALS

METALOIDS




PERIODIC LAW

When the elements are arranged in order
of increasing atomic number, there is a
periodic repetition of their physical and

chemical properties




Trends of the Periodic Table

Atomic Radius: A measure of the distance from the

center of the nucleus to the outer-most electron

Electronegativity: An atoms ability or affinity to gain

another electron.

lonization Energy: The energy required to lose the

outer-most electron from an element.

Reactivity: An atoms general ability to undergo a

chemical reaction.




ATOMIC RADIUS TREND
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Electronegativity

ELECTRONEGATIVITY TREND
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IONIZATION ENERGY TREND
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4 MAJOR TRENDS:
TOP RIGHT OR BOTTOM LEFT?
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The Electron Shielding Effect

Repulsion \
T~ \ _ Quter

Electrons between
the nucleus and
the valence
electrons repel
each other making
the atom larger,
affecting the
atomic radius!

. o= 5 % electrons
Attraction —~— / \

Nucleus [ z'




Atomic Radius of Neutral and
Charged Species
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lonic Radius for Cations

Radii of Alkali Metal Elements and lons

Boosts the ° Li Q u

0.152 nm 0.068 nm

effective ° .
0&156 nm o

nuclear

Nat
0.098 nm

K+
0.133 nm

0.148 nm

Cs
0.262 nm

Gs*
0.167 nm




lonic Radii for Anions

Atomic radii of the halogen atoms
and the corresponding halide ion

Lowers the O F 0.064nm Q F 0.133nm

effective ,
nuclear Oc o0%enm Q Cl* 0.181 nr

charge )
°Br 0.114 nm ‘ Brr 196 nm
OI 0.133 nm

All radii are in nanometers (nm)

1nm=109m
N

I” 219 nm




lonic Radius for an
Isoelectronic Group

The Radii of an Isoelectronic Group of lons

|soelectronic ions e ° 02- 0.145 nm
have the same

number of

electrons. Z=9 ° F* 0.133 nm

The more ° Na* 0.098 nm
negative a_n _|on IS — @ Mg+ 0.065nm
the larger it is

and vice versa. s=13 @ APT 0.045nm




Complex lons

The ions of the d block and the lower p block
have unfilled d or p orbitals.

These orbitals can accept electrons either an
ion or polar molecule, to form a dative bond.
This attraction results in the formation of a
complex ion.

A complex ion is made up of two or more ions
or polar molecules joined together.

The molecules or ions that surround the metal
ion donating the electrons to form the
complex ion are called ligands.

;3»,» e '-(é = «k‘s‘ég‘ s
e




Complex lons

Compounds that are formed with
complex ions are called coordination

compounds
Common ligands
BH o R
v - Il[ _9[_ :C=N:s
Water Ammonia Chloride Cyanide

Complex ions usually have either 4 or 6
ligands.

K;Fe(CN),  Cu(NH,),2*




Complex lons

The formation of complex ions
stabilizes the oxidations states of the
metal ion and they also affect the
solubility of the complex ion.

These ions are colorless

U U U U U e formation of a
ymplex ion often has

[Mg(H20)6 12+ [AI(H20)61%  [Ca(H20)51%* [Sc(H20)s1%*  [Zn(H20)g12* H ff
major effect on the

Complex ions have distinct colors

ylor of the solution of
u U U U U metal ion.

[CriH20)1**  [Fe(H20)s1**  [Co(HzO)g]1?*  [Mi(H20)s]**  [Cu{H20)5]%*

£7



The D Block Colored Compounds

In an isolated atom all of the d sublevel electrons
have the same energy.

When an atom is surrounded by charged ions or
polar molecules, the electric field from these ions or
molecules has a unequal effect on the energies of
the various d orbitals and d electrons.

The colors of the ions and complex ions of d block
elements depends on a variety of factors including:

»The particular element
»The oxidation state
»The kind of ligands bound to the element




Colors in the D Block

The presence of a partially filled d sublevels in a
transition element results in colored compounds.

Elements with completely full or completely empty
subshells are colorless,

For example Zinc which has a full d subshell. Its
compounds are white

A transition metal ion exhibits color, if it absorbs
light in the visible range (400-700

nanometers)
If the compound absorbs a " -/
particular wavelengths of light its W/
color is the composite of those  EE» '

wavelengths that it does not absml

hows the complimentary color.




Magnetic Properties

Paramagnetism ——— Molecules with
one or more unpaired electrons are
attracted to a magnetic field. The
more unpaired electrons in the
molecule the stronger the attraction.
This type of behavior is called

Diamagnetism -—- Substances with
no unpaired electrons are weakly
repelled by a magnetic field.

Transition metal complexes with
unpaired electrons exhibit simple
paramagnetism.

The degree of paramagnetism
depends on the number of unpaired
electrons '




Catalytic Behavior

Man?l D block elements are
catalysts for various reactions

Catalysts speed up the rate of a
chemical reaction with out being
consumed.

The transition metals form
complex ions with species that can
donate lone pairs of electrons.

This results in close contact
between the metal ion and the
ligand.

Transition metals also have a wide
variety of oxidation states so they
gain and lose electrons in redox
reactions




Some Common D Block Catalysts

Examples of D block elements that are
used as catalysts:

CATALYTIC CONVERTER ' 1. Platnium or
Dirty exhaust I’hOdIum |S Used |n a

catalytic converter
2. MnO, catalyzes the
Air from decomposition
of hydrogen peroxide
3. V,O; Is a catalyst for
N the contact process
out TWo-thay oxidation catalyst 4. Fe in Haber process

Three-way reduction
catalyst to get rid of NOx

to get rid of carbon monozide (CD)
and unburned hydrocarbons (HC) 5 N | | n convers | on o f

alkenes to alkane
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Alternate Periodic Tables
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Alternate Periodic Tables Ii
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Alternate Periodic Tables Il
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